Objective: To identify sociodemographic and clinical predictors of patient selection in bariatric surgery. Summary Background Data: Population-based studies suggest that bariatric surgery patients are disproportionately privately insured, middle-aged white women. It is uncertain whether such disparities are due to surgeon decisions to operate, differences among morbidly obese individuals in access to surgery, or patients' personal preferences regarding surgical treatment.
M orbid obesity is a public health crisis in the United States. The National Institutes of Health (NIH) defines morbid obesity as a body mass index (BMI) between 35 kg/m 2 and 40 kg/m 2 with obesity-related comorbidities such as diabetes, hypertension, and obstructive sleep apnea, or as a BMI greater than 40 kg/m 2 with or without comorbidities. 1 Population-based estimates of the prevalence of morbid obesity have ranged from 2.8% to 5.1%. 2, 3 Based on these estimates, well over 5 million Americans meet NIH clinical criteria for bariatric surgery.
The sociodemographic characteristics of morbidly obese Americans, however, do not match those of the bariatric surgery patient population in the United States. Livingston and Ko demonstrated that blacks, lower income groups, less educated groups, and publicly insured patients were underrepresented among the bariatric surgery patient population. 2 Women disproportionately utilize bariatric surgery relative to sex-specific prevalence of morbid obesity. 4 -7 Nationally, the bariatric surgery patient population from 1998 to 2002 was increasingly likely to be female, privately insured, and from the highest income bracket. 8 Although the sources of sociodemographic disparities in the prevalence of obesity have been extensively studied and debated, 9 -13 the sources of sociodemographic disparities in bariatric surgery utilization have not been examined. Differential access to health care, variation in patient valuation of health and appearance, or divergent practice styles when surgeons select patients for surgery may contribute to these observations. To examine the latter possibility, we conducted a national survey of bariatric surgeons using clinical vignettes to determine the influence of patient sociodemographic and clinical factors on surgeon decisions to perform bariatric surgery.
METHODS
The study was approved by the University of Chicago Institutional Review Board.
Survey Development and Content
Survey content was based on extended open-ended interviews, until theme saturation, with community and university bariatric surgeons (n ϭ 12) and an expert focus group (n ϭ 6). Community and university bariatric surgeons (n ϭ 8) and health services researchers (n ϭ 12) pilot tested the survey. The final survey contained questions about respondent characteristics, preoperative selection criteria, and methods of patient evaluation. It also included 3 clinical vignettes that are the subject of this paper.
The vignettes were structurally identical and asked if the respondent would operate given a hypothetical patient's age, race, sex, BMI, comorbidities, functional status, social support, and payment source. Table 1 shows the values that for each trait. Referent values were chosen to be the most common category based on reports of bariatric surgery patient demographics, 2,4 -8,14 clinical criteria within current NIH guidelines that imply minimal clinical risk, 1 and idealized social parameters. 15, 16 Qualitative interviews and pilot testing identified comparison values that were unlikely to be considered absolute contraindications to surgery and would elicit data on physician decisions to operate in the face of clinical uncertainty.
To minimize social desirability bias, hypothetical patient characteristics were randomly varied across all 3 vignettes using a fractional factorial design that allows for pairwise balance between covariates such that no patient characteristic value was over-represented in our sample. 17, 18 According to this design, each respondent had a totally unique set of vignettes, and no characteristic value (except sex) was duplicated in the set. There were over 3 million unique hypothetical patients for respondents to consider for bariatric surgery. To ensure that respondents based their decisions on the types of operations they were prepared to offer, they were asked which procedure they would perform if the decision to operate was "yes." To indicate that the hypothetical patient was otherwise eligible for surgery and force respondents to seriously consider the patient's characteristics, vignettes were also preceded by a set of common assumptions about the patient's medical appropriateness for surgery and ability to cover all costs of surgery and related care with the payment source noted.
Respondent Identification and Recruitment
All active surgeon members of the American Society of Bariatric Surgery (ASBS) as of August 2004 (n ϭ 1161) were selected as our first pool of potential respondents. Surgical residents and fellows as well as practicing surgeons who were not yet full members of the ASBS were excluded. Then, to identify a representative sample of surgeons performing bariatric procedures who were not in the ASBS, a postcard asking whether or not the respondent performed bariatric surgery was sent in 2 waves to a 50% random sample of all U.S. general surgeons (n ϭ 10,500) listed on the March 2004 American Medical Association Physician Masterfile (AMA Masterfile). Of the 2855 responders (response rate ϭ 27.2%), 12.5% reported to be practicing bariatric surgeons (n ϭ 358). Only half belonged to the ASBS. 19 A follow-up telephone survey of 100 postcard nonresponders revealed that only 4% were practicing bariatric surgeons. Since bariatric surgeons were over-represented in our postcard responders, we elected not to conduct a third wave of mailing since it would have yielded few additional bariatric surgeons to survey. After combining ASBS members with the bariatric surgeons identified through the postcard mailing, there were a total of 1343 bariatric surgeons to survey; 82.4% were ASBS members.
From September 2004 to December 2004, the questionnaire was sent in 3 waves to these 1343 bariatric surgeons. The first wave included a small incentive, a laser pointer pen.
Statistical Analysis
For analytic purposes, each hypothetical patient was treated as an individual observation. The outcome of interest was whether or not the respondent chose to operate. Since a single respondent was responsible for the outcome of 3 observations, we used population averaged logistic regression (estimated with Generalized Estimation Equations with robust standard errors ͓GEE͔) to analyze responses. 20 The model generated estimates and standard errors for operating on a hypothetical patient across all observations and all surgeons while appropriately accounting for correlation across respondents. It allowed us to determine the independent effect of each characteristic on the odds of patient selection across the population of bariatric surgeons represented by our respondents. We calculated the odds ratios for selection of hypothetical patients for bariatric surgery given any single characteristic value while controlling for the other 7 characteristics in the model. We also determined the overall influence of each characteristic on surgeon decision to operate. We tested all possible 2-way interactions between covariates but none were significant. Three structurally identical vignettes were preceded by a common stem indicating that the patient had been thoroughly evaluated, had been medically cleared for general anesthesia, had no absolute contraindications to surgery, had no prior abdominal surgeries, had attempted medically supervised weight loss in the past 5 years, and would have all the costs of surgery and related care paid for by the payment source noted.
Vignette structure: The patient is a Age year old Race Sex with a BMI of _____ who suffers from Comorbidities. He/She appears to have Functional status, Social support, and is a Payment source patient. Would you operate on this patient? *Values in this column were used as the referent category in multivariate regression models.
Next, we analyzed subsets of hypothetical patients based on BMI and comorbidity combinations to better understand how patient characteristics influenced surgeon decisions to operate when BMI and comorbidity levels did and did not meet current NIH recommendations. Since each patient characteristic was only observed once by each respondent due to vignette design, these subset analyses did not have to account for correlation across respondents and were performed using ordinary logistic regression. However, these subset estimates could be compared with estimates from the full data analysis using GEE because the interpretation of point estimates is equivalent between GEE and ordinary logistic regression.
Regression analyses were weighted to account for the sampling frame. Respondents identified through the postcard mailing (a 50% random sample of U.S. general surgeons) were given a probability weight of 2, while those identified solely from the ASBS membership list were given a probability weight of 1. Analyses were performed using Stata/SE v.9 statistical package (Stata Corp., College Station, TX).
RESULTS
Of the 1343 surveys mailed, 31 (2.3%) were ineligible. Six (0.5%) were returned due to invalid or duplicate addresses, 19 (1.4%) were returned by retired surgeons, and 6 (0.5%) were returned by surgeons not yet practicing bariatric surgery. Among the 1312 eligible respondents, 80.1% had demographic data available from the AMA Masterfile. The response rate was 62.7% (823 of 1312); 26.6% of responders had also responded to the postcard mailing; 86.8% of responders were ASBS members. Table 2 compares responders with nonresponders. They only differed with respect to whether or not they had also responded to the postcard mailing (Pearson 2 , P value Ͻ0.001). There was no difference in ASBS membership, classification as a general surgeon on the AMA Masterfile, or demographic characteristics when such data were available for comparison.
Of the total respondents, 5 did not respond to any of the vignettes while 3 responded with marginal comments of "maybe." These 18 vignettes were not analyzed, leaving a total of 2451 hypothetical patients from 818 respondents. Surgeons recommended bariatric surgery for 1417 hypothetical patients (57.8%). Table 3 shows the types of procedures they recommended. The majority (53%) recommended laparoscopic Roux-en-Y gastric bypass. Figure 1 shows the probabilities of selection for surgery based on age, BMI, and comorbidities controlling for race, sex, functional status, social support, and payment source. Presence of comorbidities and increasing BMI increased the likelihood of selection. Notably, the rate of selecting patients with a BMI of 35 kg/m 2 without comorbidities was 6% to 44% depending on age group. Similarly, for 16-year-olds without comorbidities, the rate of selection was 6% to 24% depending on BMI category. Table 4 shows the adjusted odds ratios and probabilities for recommending bariatric surgery based on values of patient characteristics and the overall significance of each characteristic in surgeon decision-making. Younger age decreased the odds of selection more than older age. Public insurance decreased the odds of selection more than self-pay status. The combination of diabetes and hypertension increased the odds of selection more than sleep apnea alone. For the ordinal measures of functional status and social support, there was a threshold effect; only the lowest level significantly decreased the odds of selection. Age, BMI, and social support were the most Table 5 shows the adjusted odds ratios and probabilities for recommending bariatric surgery when patients were stratified according to BMI and comorbidities. Race still did not influence patient selection. Sex influenced patient selection in the subgroup of patients with a BMI of 35 kg/m 2 without comorbidities, with men having 67% decreased odds of selection. The odds of selection for this subgroup was unaffected by poor social support, a factor that was significant in all other subgroups. The odds of selection were substantially decreased among 16-year-olds compared with 37-year-olds in all BMI/comorbidity subgroups, but for 60-year-olds only in the presence of comorbidities. Public insurance did not impact the odds of selection among those with the lowest BMI level but did decrease the odds of selection for all other subgroups. Functional status and self-pay did not predictably affect the odds of selection in any subgroup.
DISCUSSION
Through a series of vignettes that required respondents to consider patients' demographic, clinical, functional, and socioeconomic characteristics, we found that age, BMI, and social support are the chief determinants of patient selection for bariatric surgery. Comorbidities, functional status, and payment source influence surgeon decisions to a lesser extent, with little or no influence from patient sex or race. However, BMI and comorbidities do mitigate the effect of patient functional and sociodemographic characteristics on surgeon decisions to operate.
Surgeon discretion on the basis of age was found to parallel current uncertainties within the field of bariatric surgery about operating at the extremes of age. Our finding that 16-year-olds were rarely selected shows that surgeons generally follow guidelines that adolescents should undergo bariatric surgery only in the presence of comorbidities and at pediatric specialty centers. [21] [22] [23] However, it is concerning that 6% to 24% of 16-year-olds without comorbidities were selected for surgery by our sample that included only 2 pediatric surgeons.
Studies examining the relationship between older age and perioperative risks are mixed, with some showing that patients over 50 have higher rates of morbidity and mortality 24, 25 and others reporting no such differences. 26 -28 Our 
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finding that 60-year-olds were less likely to be selected than 37-year-olds suggests that our respondents also perceive older age to be a marker of increased clinical risk. However, 68% of the patients in the older group were selected, indicating that the majority of our respondents still felt that the weight loss and health benefits of bariatric surgery warrant operative intervention in older patients despite the potential increased risk of morbidity and mortality. In contrast, surgeons do not seem to perceive comorbidities as markers of increased risk. Previous studies have shown higher rates of perioperative complications and mortality in patients with diabetes, hypertension, and sleep apnea. 29 -31 However, we found that these comorbidities increased the odds of patient selection. This is likely because most bariatric surgery guidelines include obesity-related comorbidities as criteria for patient selection. 1, [32] [33] [34] [35] [36] [37] Functional status worsens with increasing BMI, 38 and bariatric surgery results in substantial improvements in functional status. 39, 40 Thus, it was surprising that poor functional status decreased the odds of selection in the presence of comorbidities. Our respondents may believe that inability to ambulate postoperatively increases the risk of pulmonary embolism, the most frequent cause of perioperative mortality in bariatric surgery patients. 37 They may also believe that decreased ability to exercise after surgery contributes to unsatisfactory long-term weight loss. Given that limitations in functional status are an important adverse consequence of morbid obesity, it is concerning that diminished functional status caused risk aversion among our respondents when the presence of medically defined comorbidities did not. Bariatric surgery programs that incorporate intensive preoperative and postoperative rehabilitation may better prevent complications related to decreased mobility and increase the numbers of patients with limited functional status who are selected for surgery.
According to current NIH recommendations, patients with BMI of 35 kg/m 2 without comorbidities are not candidates for bariatric surgery. 1 Thus, it was not surprising that patients in this group were least likely to be selected for surgery. However, they were still selected over 10% of the time across all age groups and as frequently as 44% of the time in the 37-year-old age group. Respondents who chose to operate on these patients might be in agreement with recent arguments to reduce the lower limit BMI threshold for bariatric surgery or eliminate the comorbidity requirement at lower BMI levels. [32] [33] [34] 41 Male sex has been shown to be a predictor of adverse outcomes after bariatric surgery. 24, 30 However, in all BMI and comorbidity subgroups that meet current NIH clinical guidelines, sex did not influence patient selection in our study. Therefore, surgeon discretion is unlikely to be the cause of the overrepresentation of women among the bariatric surgery patient population as described in epidemiologic reports. 6, 8, 14 These studies' findings that upwards of 80% of patients are female are more likely attributable to sociocultural norms about body size that encourage women to seek bariatric surgery out of proportion to men who have the same BMI and comorbidities. Unfortunately, these populationbased studies lack BMI and comorbidity data with which to judge the clinical indications for bariatric surgery. We found that sex affected patient selection only in the subgroup of adult patients who did not meet the minimum NIH BMI and comorbidity criteria for bariatric surgery. This suggests that, in the absence of strong clinical indications, surgeons too may be consciously or subconsciously influenced by sociocultural pressure on women to be thin.
We found that poor social support strongly decreased the odds of selection for all BMI and comorbidity subgroups within current NIH clinical guidelines. It appears that bariat- 
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ric surgeons' experience regarding the importance of social support is consistent with research indicating that social support predicts successful weight loss after surgery. 15, 16 Social isolation increases with higher BMI, 42 -44 yet social isolation itself appears to be a contraindication for surgery among bariatric surgeons. Prospective patients meeting other criteria for bariatric surgery but lacking adequate social support may benefit from patient advocates, a "buddy system," and variations on the widely used support group that might enable otherwise isolated individuals to achieve durable weight loss.
NIH BMI and comorbidity criteria are usually strictly enforced by most private insurers who deny coverage to those who do meet these criteria. [45] [46] [47] We had hypothesized that prospective patients' ability to pay out of pocket might, therefore, motivate patient selection. For patients who would be covered by insurance, self-pay decreases paperwork and likely results in higher total compensation for the surgeon. However, our respondents still chose privately insured patients more often than self-pay patients. Importantly, self-pay status did not increase odds of selection for patients who did not meet current NIH clinical criteria, indicating that financial opportunity did not motivate our respondents to operate in the absence of clinical indications.
We also found that private insurance was consistently favored over public insurance. Given the disproportionate reliance on public insurance by the morbidly obese, 2 it is worrisome that this payment source is a negative predictor of selection for bariatric surgery. Our respondents may have been less likely to select publicly insured patients based on previous reports linking low socioeconomic status and public insurance with worse outcomes after bariatric surgery. 15, 48 However, our respondents may instead agree with the findings of Durkin et al that insurance status does not predict weight loss after surgery. 49 It is possible that some respondents still did not select public insured patients because they doubted the adequacy of public insurance to cover the costs of surgery and related care even though it was included in the set of assumptions that preceded the vignettes. Whether due to concern about adverse outcomes or inadequate compensation, these results suggest that surgeon discretion plays a role in socioeconomic disparities in bariatric surgery.
Our study has some important limitations. First, we did not directly observe surgeons choices when selecting patients for bariatric surgery, and we required respondents to accept a set of assumptions that may not hold in actual practice. Direct observation would not have achieved significant sample sizes for the characteristics found less frequently in the current bariatric surgery patient population. Vignettes, however, have been shown to be a valid proxy for actual physician behavior through comparison with standardized patients and chart abstraction. 50 Self-report would have been prone to socially desirability bias given the influence of patient sex, race, and socioeconomic status on physician decision-making. 51 Appropriately constructed vignettes, however, can minimize social desirability bias and measure physician reactions to patient case-mix. 52 A strength of the balanced fractional factorial design, in particular, is that it allows for the introduction of a larger number of covariates than in other types of vignettes. 53 As confirmed by pilot testing of the survey instrument, combining social support, functional status, clinical criteria, and sociodemographic characteristics into a single vignette masked the variables that might trigger socially desirable responses. A number of other researchers have successfully used vignettes to study physician response to patient sociodemographic characteristics. 54 -59 Another limitation was that we tested a single socioeconomic variable, payment source. Insurance status correlates highly with physician treatment recommendations in primary care settings and has been used as a proxy for socioeconomic status in the bariatric surgery literature. 48, 49, 54 We asked open-ended questions regarding patient socioeconomic factors during survey development and pilot-tested vignettes with a variety of proxies, including education level, income, and occupation. Based on this preliminary work, we concluded that payment source was the strongest proxy for socioeconomic status among practicing bariatric surgeons. Interestingly, we found that, among bariatric surgeons, "selfpay" does not suggest an indigent, uninsured patient but rather a person with the financial resources to pay out of pocket.
Our response rate of 62% was higher than most physician surveys. 60 This high response rate and lack of demographic differences among responders and nonresponders suggest that our results are generalizable to the population of U.S. bariatric surgeons. However, our respondent pool included a majority of ASBS members, and specialty society memberships have been shown to correlate with variation in surgeon beliefs. 61 Since we were concerned about bias related to ASBS membership, we previously attempted to identify bariatric surgeons who did not choose to belong to the ASBS through a postcard mailing to a 50% random sample of all U.S. general surgeons. While we appropriately weighted our analyses for this random sample, ASBS nonmembers accounted for less than 20% of our respondent pool. Our results therefore may reflect the influence of ASBS membership on bariatric surgery patient selection. Unfortunately, since bariatric surgery is not a board-certified field and no national registry exists for surgeons who perform bariatric procedures in the United States, we believe that our 2-pronged approach to respondent identification was the most comprehensive possible.
Despite these possible limitations, our study design allowed for the independent measurement of predictors of patient selection for bariatric surgery nationwide through systematic variation in vignette content across a representative sample of U.S. bariatric surgeons. Livingston and Ko demonstrated sociodemographic disparities in bariatric surgery utilization. 2 Our results suggest that surgeon decisions are not contributing to racial disparities in bariatric surgery utilization. While decisions to operate outside of clinically recommended criteria may be driven by gender ideals, surgeon decisions did not contribute to sex-based disparities in other circumstances. This suggests that forces outside of surgeon discretion are primarily responsible for race-and sex-based disparities in bariatric surgery. Structural possibil-
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Bariatric Surgery Patient Selection ities include race-and sex-based differences in access to health care, referral patterns for bariatric surgery, and proximity of facilities performing bariatric surgery. Populationbased possibilities include differences in socio-cultural norms about body weight, appearance, and health. These same structural and socio-cultural forces likely play a role in socioeconomic disparities in bariatric surgery. However, it is clear that surgeon decisions also play a role as evidenced by their consideration of payment source. Public insurance plans may not reimburse at the same level as private insurers. However, if financial motivations were the driving force behind surgeons' decreased likelihood of operating on public aid patients, we should have found an increased likelihood of selecting self-pay patients. Therefore, we conclude that surgeon decisions related to public insurance are based partly on perceptions of socioeconomic status.
While open gastric bypass and vertical banded gastroplasty were the only procedures recommended in the 1991 NIH Consensus Statement, we found that surgeons are offering a variety of options, including laparoscopic techniques, biliopancreatic bypass, silastic banding, and other variations. However, gastric bypass, long regarded as the "gold standard" for surgical weight loss, remains the most widely offered procedure whether open or laparoscopic. Few surgeons currently offer vertical banded gastroplasty.
In recent years, this procedural innovation in bariatric surgery and exponential growth in procedure volume has outpaced bariatric surgical outcomes research and efforts to set forth new guidelines based on patient-and procedurespecific criteria. 62, 63 The NIH BMI and comorbidity criteria have come into question and the field of bariatric surgery is at an important crossroad. Policy-makers are currently reissuing best practice guidelines and identifying "Centers of Excellence." 64 Based on our findings, we suggest that future recommendations should incorporate specific guidelines for age and clinical criteria as well as issues of social support, functional status, and financial resources. Outside of bariatric surgery, efforts should be made to increase awareness among the public that morbid obesity is a health concern rather than a cosmetic concern. Healthcare providers should be educated about the indications, risks, and benefits of bariatric surgery so they can make appropriate referrals and fully participate in the care of bariatric surgery patients. Both perception and delivery of bariatric surgery must change if the only known durable option for weight loss in the morbidly obese is to be offered equitably to all Americans who might benefit from it.
